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Abstract: To design the planting, separating, threshing, sizing and packing machines for agricultural products, physical and 
mechanical properties of the products should be known. In this work some physical properties of parsley seeds were studied. 
Dimensional parameters including three principle dimensions, geometric mean diameter, equivalent diameter, arithmetic 
mean diameter, sphericity, volume, surface area, projected area, flakiness ratio and elongation ratio were measured using 
image processing technique. Also length, width and thickness distributions of parsley seeds were modeled using Gamma, 
Generalized Extreme Value and Weibull distributions. Gravimetrical properties including mass of single seed, thousand seed 
mass, bulk density, true density and porosity were measured. Effect of the container volume and fall height on bulk density 
and porosity were studied. Frictional properties of parsley seeds (static coefficient of friction on various surfaces and repose 
angle of based on bypouring, Hele-Shaw, empting and filling methods) were measured. Results showed that length, width and 
thickness of the seeds ranged (0.660 - 0.883mm), (0.524 - 0.752mm) and (0.490 - 0.744 mm), respectively. With increasing 
the container volume from 150 to 550 mL, bulk density of the seeds increased; but from 550 to 750 mL, it was decreased. 
True density and thousand seed mass of the seeds were 884.658 kg/m3 and 1.390 g. The values of friction coefficient on 
plywood, rubber, iron and galvanized surfaces were 27.35ᵒ, 24.17ᵒ, 19.31ᵒ and 14.77ᵒ, respectively. The values of filling and 
empting repose angles were 32.64ᵒ and 40.16ᵒ. 
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1  Introduction 1  
Parsley (Petroselinum crispumL.) Nym. ex A.W. Hill 
(Syn. P. sativum Hoffm.); family Umbelliferae, locally 
known as Baqdunis, has been used medicinally for many 
centuries in European, Mediterranean and Asian countries 
(Al-Howiriny et al., 2003). Parsley is a spice native to the 
countries of the Mediterranean region. It is widely used, 
both fresh and dry, to enhance the flavor of many 
different foods in many countries. The essential oil of 
parsley seeds is widely used in the food industry and even 
as a fragrance in perfume manufacturing, though the oil 
for such purposes is obtained from the seeds because of 
the low yields obtained from the leaves (Díaz-Maroto et 
al., 2002). 
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Culpeper described Parsley as "comfortable to the 
stomach" (Grieve, 1979). The herb Parsley is used for 
flushing the efferent urinary tract, as a diuretic 
(Kreydiyyehand Usta, 2002) also for the prevention and 
treatment of kidney gravel. In traditional medicine of 
many countries, it is used for gastrointestinal disorders 
(Kreydiyyeh et al., 2001). The seeds and leaves of this 
plant are used for the treatment of diarrhea, stomachache, 
indigestion, dropsy, menstrual difficulties and to treat 
gallstones (Al-Howiriny et al., 2003). The fresh or dried 
leaves are said to stimulate appetite and treat flatulence 
(Stuart, 1979).  
There are many published literature on parsley in 
various science such as parsley drying, parsley oil 
extraction, parsley medicine effects, parsley genetic and 
etc. The composition of the essential oil from parsley 
leaves has been studied, the principal constituents being 
p-mentha-1, 3, 8-triene, myristicin, apiole, β-phellandrene, 
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myrcene, and isopropenyl-4-methylbenzene 
(Díaz-Maroto et al., 2002). Pinoet al. (1997) have cited 
that the essential oil of parsleycontains 34 compounds, in 
which myristicin and apiole are the major constituents. 
Two compounds, crispane and crispanone, were isolated 
from Parsley (Spraul et al., 1992). Another chemical 
investigation (Chaudhary et al., 1986) reported the 
presence of oxypeucedanin, a major furocoumarin in 
Parsley. Effect of different drying methods on the volatile 
components of parsley was investigated by Díaz-Maroto 
et al. (2002). They cite that air drying at ambient 
temperature resulted in few losses in volatile compounds 
compared with the fresh herb, whereas oven drying at 
45 °C and freeze-drying caused a decrease in the 
concentrations of the majority of the volatile components, 
especially those with the greatest impact on parsley 
aroma: p-mentha-1,3,8-triene and apiol (oily liquid 
extracted from parsley). 
The proper design of process equipment depends 
essentially on the physical and mechanical properties of 
agricultural crops and products. Different researchers 
report the use of characteristic dimensions to determine 
the size of seeds (Aviara et al., 2013,  Garnayak et al., 
2008,Sologubik et al., 2013) Size and shape are important 
for separator and sorter and can be used to determine the 
lower size limits of conveyors. Furthermore, the 
characteristic dimensions allow a calculation of the 
surface area with volume of grains, important aspects for 
the modeling of drying and ventilation. Porosity affects 
the bulk density which is also necessary factor in the 
design of dryer, storage and conveyer capacity while the 
true density is useful to design separation equipment 
(Sologubik et al., 2013). The angle of repose and 
coefficient of friction are considered by engineers as 
important properties for the design of seed containers and 
other storage structures and accessories. The static 
coefficient of friction limits the maximum inclination 
angle of conveyor and storage bin. The amount of power 
requirement for conveyor depends on the magnitude of 
frictional force. Angle of repose is a useful parameter for 
calculation of belt conveyor width and for designing the 
shape of storage (Mohhamadi et al., 2014; Sirisomboon et 
al., 2007).  
A lot of researches have been conducted on physical 
and mechanical properties of agricultural seeds, grains, 
fruits, nuts and kernels. Fracture resistance of sunflower 
seed and kernel to compressive loading was calculated by 
Gupta and Das (2000). Altuntas et al. (2005) measured 
some physical properties including as length, width, 
thickness, geometric mean diameter, sphericity, mass, 
porosity, and bulk density of fenugreek seeds. Some 
physical properties of rough rice grain were measured 
(Varnamkhasti et al., 2008). Tabarsa et al. (2011) studied 
physical and mechanical properties of wheat straw boards 
bonded with tannin modified phenol-formaldehyde 
adhesive. 
For a single seed, dimensions, mass and other physical 
properties can be determined; however, values of these 
properties differ for each individual seed to other. 
Normally, we are not interested to know the properties of 
each individual seed, but description of the frequency 
distributions of the dimensions of the whole sets of the 
seeds is needed for designing agricultural equipment 
(Khazaei et al, 2008). There are many reports on 
modeling the properties of agricultural products based on 
continues statistical distributions such as normal, 
lognormal, Weibull, gamma and Generalized Extreme 
Value and etc. (Nanang, 1998; Gorgoso et al., 2007; 
Khazaei et al., 2008; Mirzabe et al., 2012).  
The aim of this study was to investigate some physical 
properties (dimensional, gravimetrical and frictional 
properties) of parsley seeds. The dimensional parameters 
investigated include three principle dimensions, 
geometric mean diameter, equivalent diameter, arithmetic 
mean diameter, sphericity, volume, surface area, 
projected area, flakiness ratio, elongation ratio and 
modeling of dimensions and dimensional parameters are 
measured. The gravimetrical properties including single 
seed mass, thousand seed mass, bulk density, true density 
and porosity are measured. Also, frictional properties of 
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seeds including static coefficient of friction on various 
surfaces and repose angle based on Hele-Shaw, empting 
and filling methods are measured. 
2. Materials and methods 
2.1 Sample preparation 
Three kilograms of the parsley seeds were obtained 
from a local market in Varmin, a city of Tehran province 
in the country of Iran in 2013. The seeds were cleaned 
manually to remove all foreign materials.  The moisture 
content of each sample was determined using the standard 
hot air oven method at 105±1
o
C for 24 h (Gupta and Das, 
1997; Özarslan, 2002; Altuntaş et al., 2005.) and using 
Equation (1) to calculate moisture content of the seeds 
based on dry bases (d.b.): 
   
     
  
                         
Where: M is moisture content of the sample, % (d.b.); 
Mw is the initial mass of the sample or wet mass, g; and 
Md is the final mass of the sample or dry mass, % 
(d.b.).The average values of three replications were 
reported as moisture content for the seeds. Value of 
moisture content of the parsley seeds was 6.12 % (d.b.) in 
all tests (dimensional, gravimetrical and frictional 
properties). 
2.2 Dimensional properties 
2.2.1 Image processing set up 
The three major perpendicular dimensions of the each 
seeds were measured by image processing technique. The 
image processing system consisted of a camera (Canon, 
IXY 600F, 12.1 megapixels, USB connection, Japan), and 
four white-colored fluorescent lamps (32 W) as a source 
of light and a laptop computer (Dell, 1558, China) 
equipped with Matlab R2012a software package (Figure 
1). A white paper was placed on the floor of the box to 
provide a white background. Tow RGB color images 
were captured from up and front views of seed .The 
contrast between the seeds and the background was 
improved by several functions of MATLAB. Pixels above 
a certain threshold value 95 were converted into white, 
pixels below this threshold to black, resulting in binary 
image (Koc, 2007). A group of black pixels adjacent to 
each other represented a seed. The pixels must be 
converted to millimeter, hence some circulars and squares 
with identified dimensions were depicted on the paper 
and then a relation between pixel and length in millimeter 
was obtained. 
2.2.2 Calculate dimensional properties 
The average diameter of seed was calculated by using 
the geometric and arithmetic means of the three axial 
dimensions. The geometric mean diameter, DG, arithmetic 
mean diameter, DA and equivalent diameter, DE of the 
seed were calculated using the following Equation (2), 
 
Figure 1 Experimental set up was used to image processing 
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Equation (3) and Equation (4) (Milani et al., 2007; 
Garnayak et al., 2008 and Heidarbeigi et al., 2009): 
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Where: L is the length, W the width and T is the thickness, 
all in mm. 
The sphericity ( ) of the grains, seeds, nuts, kernels or 
fruits is an index of its roundness. The sphericity (φ1 and 
φ2) of parsley seeds was calculated using the following 
Equation (5) and Equation (6) (Sirisomboon et al., 2007; 
Milani et al., 2007 andMirzabe et al., 2013a): 
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The surface area (S1, S2and S3) of seed was found by 
analogy with a sphere of the same geometric mean 
diameter, using the following Equation (7), Equation (8) 
and Equation (9) (McGahon et al., 2007;Milani et al., 
2007; Xu et al., 2009; Ersoy, 2010and Mirzabe et al., 
2013a): 
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Where:P is a constant. P approximation has the least 
relative error (±1.061% in the worst case) when 
P≈1.6075. 
The volume (V1and V2) of seed was found by analogy 
with a sphere of the same geometric mean diameter, using 
the following Equation (10) and Equation (11) (Perez et 
al., 2007and Mirzabe et al., 2013a): 
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Where: DG is geometric mean diameter. 
The projected area, AP (projected area is one of the 
most important parameters for determining aerodynamic 
properties) of the seeds were determined using Equation 
(12), Equation (13) and Equation (14) (Kabas et al., 2007; 
Koocheki et al., 2007andMirzabe et al., 2013a): 
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The flakiness ratio, Fr, and elongation ratio, Er of a 
single seed were calculated using the Equation (15) and 
Equation (16). (Mora and Kwan, 2000 and Khazaei et al., 
2008): 
   
 
 
                                                
   
 
 
                                               
2.2.3 Modeling of dimensions 
Indeed, if P(x) is a density function (DF) for a 
characteristic of a seeds sample, then as Equation (17): 




               
                  
           
)      (17) 
In Equation (17), if P(x) is interpreted as a probability 
density function (PDF), then the right hand of the 
equation will be equal to the probability that a≤x≤b. We 
also know that for any density function using the 
Equation (18) (Mirzabe et al., 2013a):  
∫         
  
  
              (18) 
Moreover, the cumulative distribution function (CDF) 
for the seeds characteristic is defined as using the 
Equation (19): 
196    December, 2015         Agric Eng Int: CIGR Journal Open access at http://www.cigrjournal.org              Vol. 17, No. 4 
     ∫       
 
  
    (19) 
This gives either the proportion of the seeds with 
characteristic value less than t, or the probability of 
having a value less than t.  
Length, width and thickness of parsley seeds 
distribution were modeled with three probability density 
functions. These functions were: 3-parameter Gamma, 
3-parameter Weibull and Generalized Extreme Value 
(G.E.V) distributions. Also geometric mean diameter, 
equivalent diameter, arithmetic mean diameter, sphericity, 
volume, surface area, projected area, flakiness ratio and 
elongation ratio of parsley seeds were modeled with 
Generalized Extreme Value (G.E.V) distribution. The 
probability density functions including Equation (20) for 
three distributions are showed in Table 1(Nanag, 1998; 
Khazaei et al., 2008; Gorgoso et al., 2008; Mirzabe et al., 
2012; Mirzabe et al., 2013a and Mirzabe et al., 2013b).  
 
Table 1 The Gamma, Generalized Extreme Value and 
Weibull distributions of probability density function 
Distribution 
name 
Probability density function 
Gamma  
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In the Table 1, Γ is the Gamma function and Γz is the 
incomplete Gamma function Equation (21) and Equation 
(22): 
      ∫     
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The adjustable parameters for each probability density 
function were calculated using the commercial 
spreadsheet package of Easy Fit 5.5. 
Kolomogrov-Smirnov methods were used for comparison 
of all probability density.  Kolmogorov-Smirnov 
goodness of fit test was used to test how well different 
prediction techniques work for prediction of diameter, 
thickness and height distributions (Gorgoso et al., 2007). 
The test is based on the vertical deviation between the 
observed cumulative density function and estimated 
cumulative density function based on the Equation (23). 
In this equation, small values of the test statistics Ks index 
indicate a better fit.  
      [         ]                            
Where: S(x) and F(x) are the probability observed and 
theoretical of the cumulative frequency distributions. 
Also the Kolmogorov-Smirnov index for each probability 
density function was calculated using the commercial 
spreadsheet package of Easy Fit 5.5. 
2.3 Gravimetric properties 
To evaluate the single seed and thousand seed mass, 
100 seeds selected from the bulk sample, randomly; the 
hundred seed mass was measured by a digital balance 
(Kern, Japan, accuracy of ±0.001 g). Single seed mass 
was calculated by dividing the hundred seed mass to 100, 
while thousand seed mass was calculated by multiplying 
the hundred seed mass by 10. 
The bulk material of seeds was obtained by volume 
containers of 150, 350, 550 and 750 cm
3
. The seeds were 
poured into the containers at a height of 50, 100, 150, 200 
and 250 mm (Mirzabe et al., 2013aand Gupta and Das, 
1997). The mass (Ms) and volume (Vs) of samples were 
measured, while bulk density (ρb) and true density (ρt) 
were calculated. The volume of sample was determined 
using the water displacement method. Toluene (C7H8) 
was used in place of water because it is absorbed by seeds 
to a lesser extent, density of toluene is less than the water 
and its surface tension is low, so that it fills even shallow 
dips in a seed and its dissolution power is low (Milani et 
al., 2007and Garnayak et al., 2008). The volume of the 
individual sample was determined by weighing 
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displacement volume of toluene using the Equation (24) 
and Equation (25): 
   
   
  
 
                  
  
                  
    
  
  
                                                                               
Where: MTD is the mass of displacement volume of 
toluene in kg,    is the density of toluene (870 kg/m
3
), 
MT is the mass of filled pycnometer with toluene in kg, 
MP is the mass of pycnometer kg, MPTS is the mass of 
pycnometer with toluene and a nut in kg, and MPS is the 
mass of pycnometer and seeds in kg.  
Porosity or void fraction is a measure of the void 
spaces or empty spaces in a material, which is between 0 
to1, or as a percentage between 0 to100 percent. The 
porosity ( ) of bulk seed was calculated from bulk and 
true densities using the Equation (26) (Sharma et al., 
2011): 
  (  
  
  
)                                            
2.4 Frictional properties 
2.4.1 Coefficients of static friction 
The coefficients of external static friction of the 
parsley seeds were determined using sloped plane method 
on surfaces of galvanized, iron, plywood and rubber. A 
topless and bottomless cylinder of 100 mm diameter and 
50 mm height were filled with the samples. The cylinder 
was raised slightly so as not to touch the surfaces (Figure 
2). The structural surface with the cylinder resting on it 
was inclined gradually with a screw device until the 
cylinder just started to slide down over the surface and 
the angle of tilt at this juncture, the angle of tilt, Cf, in 
degree was read by Auto Cad 2007 software. The 
coefficient of static friction,   , was calculated from the 
following Equation (27) (Mirzabe et al., 2013b). 
                                         
2.4.2 Angle of repose 
When bulk granular materials are poured onto a 
horizontal surface, a conical pile will form. Material with 
a low repose angle forms flatter piles than material with a 
high repose angle. Repose angle is related to 
the density, surface area and shapes of the particles, 
the friction coefficient of  the material and 
gravity-dependent (Kleinhans et al., 2011).  In present 
study, to measure repose angle of the parsley seeds 
pouring, filling, empting and Hele-Shaw methods were 
used. 
2.4.2.1 Pouring angle of repose  
Static repose angle was measured using pouring 
method. The repose angle of seeds sample was 
determined using a top and bottomless metallic cylinder, 
where cylinder diameter was equal to 150 mm, cylinder 
 
Figure 2 Experimental set up was used to measure coefficient angle of external static friction 
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height was 250 mm, rotational velocity of electromotor 
was 1400 r/min and linear velocity of chord was 5 mm/s 
(Mirzabe et al., 2013b). The cylinder was placed on 
horizontal surface and was filled with seeds and kernels; 
then, the cylinder was raised very slowly (Figure 3). The 
camera was place at opposite of the front view of the bulk 
seeds then photographed from bulk seeds; then pouring 
angle of repose calculated using image processing 
technique and Auto Cad 2007 software package. In order 
to study the effect of the material of the contact surface, 
galvanized, iron, plywood and rubber plates placed on the 
frame of the set up (beneath of the cylinder) and pouring 
angle of repose was measured on these surfaces.
2.4.2.2 Filling and emptying angles of repose 
The filling and emptying repose angles of the seeds 
were measured. The device used in this study consists of 
two boxes, upper and down box, of dimensions 120 mm 
length, 120 mm height, and 60 mm width (Figure 4). The 
upper box was filled with the sample seeds. The material 
of upper box can flow to down through a removable port, 
the filling or static repose angle is the angle of surface 
with the horizontal at which the seeds will stand when 
piled on the ground. While, the emptying or dynamic 
repose angle is the angle of surface of residual with 
horizontal in the upper box. The height of the seeds was 
measured while, the filling (ARF) and emptying (ARE) 
repose angle were calculated by the following Equation 
(28) and Equation (29).  (Sirisomboon et al., 2007): 




)                                        




)                                         
Where: H and h are the height (mm), and XL and xl (mm) 
are horizontal distance.  
 
Figure4  Experimental set up was used to measure 
filling and empting repose angle of parsley seeds 
 
2.4.2.3 Hele-Shaw angle of repose 
 
Figure 3 Experimental set up was used to measure pouring repose angle of parsley seeds
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The Hele-Shaw repose angle of the parsley seeds was 
measured. The device used in this study consists of a box 
with dimensions of 300, 200, and 200 mm for length, 
height and width, respectively. At delivery slop 30
o
. The 
small box was filled with the sample seeds. The material 
of upper main box can flow to down through a removable 
port, the Hele-Shaw is the angle of surface with the 
horizontal at which the seeds will stand when piled on the 
bottom of the main box. The camera was place at 
opposite of the front view of the box then photographed 
from bulk seeds (front of the main box was made of the 
glass); then Hele-Shaw repose angle calculated using 
image processing technique and Auto Cad 2007 software 
package. In order to study the effect of the contact surface 
material, galvanized, iron, plywood and rubber plates 
placed into the main box (beneath of the main box) and 
Hele-Shaw angle repose were measured on these surfaces 
(Figure 5).
2.5 Data analysis  
Based on the measurements and calculations made 
above, for calculating statistical indices including 
maximum, minimum, average, standard deviation, 
skewness, and kurtosis for measured and calculated 
dimensions and dimensional properties, Microsoft Office 
Excel 2010 was used. The skewness and kurtosis were 
calculated using Equation (30) and Equation (31) 
(Khazaei et al., 2008; Mirzabe et al., 2013a; Mirzabe et 
al., 2013b). 
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Where: n is number of occurrence, STD is standard 
deviation, xavg is mean seed size, xi is midpoint of each 
class interval in metric. 
Also in order to calculating the average of the 
repetitions of all gravimetrical properties and frictional 
properties, Microsoft Office Excel 2010 was used. 







Figure 5 Experimental set up was used to measure Hele-Shaw repose angle of parsley seeds. (A) is 
experimental set up before seeds falling and (B) is experimental set up after seeds falling 
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3. Results and discussion  
3.1 Dimensional properties 
Length, width, thickness and dimensional properties 
of the parsley seeds are shown in Table 3. The length, 
width, and thickness of the seeds ranged between (0.660 - 
0.883), (0.524 - 0.752) and (0.490 - 0.744 mm), 
respectively. Average of the geometric mean diameter, 
arithmetic mean diameter and equivalent diameter of the 
seeds were 0.648, 0.652 and 0.608 mm, respectively 
(Table 3).
Average of the sphericity by Equation (5) and 
Equation (6); surface area by Equation (7), Equation (8) 
and Equation (9); volume by Equation (10) and Equation 
(11); projected area by Equation (12), Equation (13) and 
Table 2 Number of repetitions of the all tests including dimensions, dimensional properties, 
gravimetrical properties and frictional properties 
Property  Measured or calculated parameter  Number of repetitions  
Dimensions 
Length  100 
Width  100 
Thickness  100 
Dimensional properties  
Diameters, Sphericity, Surface area, Volume, 
Projected area, Flakiness ratio, Elongation ratio 
100 
Gravimetrical properties  
Mass of single seed 5 
thousand seed mass 5 
Bulk density 5 
True density  5 
porosity 5 
Frictional properties 
Coefficient of friction 5 
Pouring angle of repose  5 
Hele-Shaw angle of repose 5 
Filling and empting angle of repose 5 
 
 
Table 3  Calculated statistical indices of  three principle dimensions and dimensional parameters of 
parsley seeds 
Parameter  Units  Max  Min  Mean  
Standard 
Deviation 
Skewness  Kurtosis  
L  mm 0.883 0.660 0.740 0.048 0.904 0.822 
W  mm 0.752 0.524 0.631 0.055 0.249 -0.865 
T  mm 0.744 0.490 0.584 0.056 0.604 0.150 
Dg mm 0.755 0.572 0.648 0.043 0.448 -0.257 
DA mm 0.760 0.575 0.652 0.043 0.457 -0.223 
DE mm 0.676 0.560 0.608 0.026 0.489 -0.068 
ϕ1 % 92.436 83.448 87.547 2.457 0.324 -0.793 
ϕ2 % 99.585 98.080 98.859 0.414 0.012 -0.904 
S1 mm
2 1.790 1.029 1.324 0.176 0.597 -0.057 
S2 mm
2 1.600 0.927 1.200 0.165 0.492 -0.419 
S3 mm
2 1.808 1.038 1.337 0.177 0.601 -0.034 
V1 mm
3 0.225 0.098 0.144 0.029 0.747 0.196 
V2 mm
3 0.186 0.082 0.122 0.026 0.600 -0.349 
Ap1 mm
2 0.500 0.271 0.368 0.053 0.707 -0.056 
Ap2 mm
2 0.448 0.258 0.331 0.044 0.597 -0.057 
Ap3 mm
2 0.395 0.229 0.297 0.041 0.471 -0.492 
Fr - 1.199 0.748 0.931 0.108 0.647 0.105 
Er - 1.377 1.041 1.177 0.071 0.363 0.340 
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Equation (14); flakiness ratio and elongation ratio were 
( 87.547% and 98.859 %); (1.324, 1.200 and 1.337 mm
2
); 
( 0.144 and 0.122 mm
3
); (0.368, 0.331 and 0.297 mm
2
);  
0.931 and 1.177, respectively.  
Skewness and kurtosis are two statistical indices 
calculated so that the reader would better understand the 
probability density distribution data. The first usually 
noticed about a distribution’s shape is whether it has one 
mode (peak) or more than one. If it’s unimodal (has just 
one peak), like most data sets, the next thing noticed is 
whether it is symmetric or skewed to one side. If the bulk 
of the data is at the left and the right tail is longer, the 
distribution is skewed right or positively skewed; if the 
peak is toward the right and the left tail is longer, the 
distribution is skewed left or negatively skewed. 
Kurtosis is a measure of whether the data are peaked 
or flat relative to a normal distribution, that is data sets 
with high kurtosis tend to have a distinct peak near the 
mean, decline rather rapidly, and have heavy tails. Data 
sets with low kurtosis tend to have a flat top near the 
mean rather than a sharp peak. A uniform distribution 
would be the extreme case. Results of statistical analysis 
of dimensional properties of the parsley seeds indicated 
that values of the skewness in all cases were positive and 
values of the kurtosis in most cases were negative. 
3.2 Modeling of dimensional parameters 
Length, width and thickness of the parsley seeds 
distributions were modeled using the tree-parameter 
Gamma, Generalized Extreme Value (G.E.V) and 
three-parameter Weibull probability density functions 
distribution; the results of modeling are shown in Table 
4.Results showed that to model length and thickness of 
the seeds, G.E.V distribution had the best performance, 
while Weibull distribution had the worst performance. 
Also to model the width of the seeds, G.E.V distribution 
had the best performance, while Gamma distribution had 
the worst performance (Table 4).
Results of modeling showed that whenever 
skewness and kurtosis had positive values, Generalized 
Extreme Value distribution had good performance, while 
Weibull distribution had poor performance to model the 
data. Also whenever skewness had positive value and 
kurtosis a negative value, G.E.V distribution showed 
good performance, while Gamma distribution had poor 
performance to model data. 
For an easy comparison between dimensions of 
parsley seeds together, probability density functions 
(PDFs) are shown in Figure 6. For all modeling in Figure 
6, Generalized Extreme Value was used, because it had 
best prediction of probability density functions (PDFs) of 
length, width and thickness of seeds. For length and 
thickness of seeds, skewness and kurtosis have positive 
value and for width, skewness have positive value and 
kurtosis have negative value; which is shown in Figure 6. 
This figure shows that there is little overlap between the 
PDF of length and width, and even lesser overlap 
between the PDF of length and thickness. It means that 
Table 4 Calculated parameter values of the Gamma, Generalized Extreme Value (G.E.V) and 














Gamma  3.928 0.024 0.645 0.0378 2 
G. E. V -0.013 0.038 0.718 0.0354 1 
Weibull  1.817 0.094 0.656 0.0459 3 
Width 
Gamma  17.381 0.013 0.403 0.1184 3 
G. E. V -0.165 0.051 0.608 0.1135 1 
Weibull  2.501 0.141 0.506 0.1170 2 
Thickness 
Gamma  4.987 0.025 0.457 0.0980 2 
G. E. V -0.092 0.049 0.560 0.0913 1 
Weibull  1.888 0.114 0.483 0.0985 3 
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the highest measured thickness of seeds is more than the 
lowest measured length. Also there is great overlap 
between the PDF of width and thickness; it means that the 
difference between measured thickness and width of 
seeds is very low; also in several cases thickness value of 
seeds is more than the width value of the seeds.
Khazaei et al. (2008) modeled mass and size 
distributions of two varieties of sunflower seeds and 
kernels using the Log-normal, normal and Weibull 
distributions. They cited that when skewness had a 
positive value, Log-normal distribution was the best and 
normal distribution as the worst model for data prediction. 
Mirzabe et al. (2012) modeled distance between adjacent 
sunflower seeds on sunflower head of three varieties 
using the Log-normal, normal and Weibull distributions. 
They cited that whenever skewness and kurtosis had 
negative value, Weibull distribution was the best fit.  
Because Generalized Extreme Value (G.E.V) 
distribution had good performance to model the length, 
width and thickness, this distribution was used to model 
thegeometric mean diameter, equivalent diameter, 
arithmetic mean diameter, sphericity, volume, surface 
area, projected area, flakiness ratio and elongation ratio of 
parsley seeds. The results of modeling of dimensional 
parameters using Generalized Extreme Value (G.E.V) 
distribution are shown in Table 5.
 
Figure 6 Probability density functions of length, width and thickness distribution of parsley seeds 
 
Table 5 Calculated parameter values of the Generalized Extreme Value (G. E. V) distribution of 
probability density function for dimensional parameters of parsley seeds 
Parameter Shape parameter Scale parameter Location parameter Kolmogorov-Smirnov index 
Dg -0.128 0.039 0.630 0.0505 
DA -0.126 0.039 0.633 0.0425 
DE -0.124 0.023 0.597 0.0434 
ϕ1 -0.139 2.271 86.515 0.0810 
ϕ2 -0.271 0.418 98.708 0.0813 
S1 -0.078 0.153 1.247 0.0497 
S2 -0.094 0.146 1.128 0.0544 
S3 -0.078 0.154 1.259 0.0443 
V1 -0.003 0.024 0.131 0.0486 
V2 -0.049 0.022 0.111 0.0566 
Ap1 0.014 0.042 0.344 0.0825 
Ap2 -0.078 0.038 0.312 0.0497 
Ap3 -0.097 0.038 0.279 0.0560 
Fr 0.061 0.091 0.884 0.0614 
Er -0.215 0.068 1.150 0.1053 
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To an easy comparison between diameters of parsley 
seeds together, probability density functions (PDFs) of 
geometric mean diameter, arithmetic mean diameter and 
equivalent diameter are shown in Figure 7. For all 
modeling, Generalized Extreme Value was used, because 
it had best prediction of probability density functions 
(PDFs) of length, width and thickness of seeds. This 
figure shows that there is great overlap between the PDF 
of geometric and arithmetic mean diameter. It means that 
the values of geometric and arithmetic mean diameter are 
near together; because the value of sphericity is very 
great.
To an easy comparison between sphericity of parsley 
seeds by Equation (5) and Equation (6) together, and 
probability density functions (PDFs) of sphericitys are 
shown in Figure 8. This figure shows that there is no 
overlap between the PDF of sphericitys and in all cases 
sphericity value of seeds by Equation (6) was more than 
the value of Equation (5).
 
Figure 7 Probability density functions of diameters of parsley seeds 
 
 
Figure 8 Probability density functions of sphericity of parsley seeds 
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To an easy comparison between surface areas of 
parsley seeds together, probability density functions 
(PDFs) of surface area of seeds by Equation (7), Equation 
(8) and Equation (9) are shown in Figure 9. This figure 
shows that there is great overlap between the PDF of 
surface area of the seeds by Equation (7) and Equation (9). 
Also in all cases value of surface area by Equation 8 was 
lower than the value of Equation (7) and Equation (9).
Probability density functions of the seeds volume by 
Equation (10) and Equation (11) are shown in Figure 10. 
This figure shows that there is great overlap between the 
PDF of the seeds volume by Equation (10) and Equation 
(11) and in all cases value of seeds volume by Equation 
(11) was lower than the value of Equation (10).
Probability density functions of projected area of the 
parsley seeds by Equation (12), Equation (13) and 
Equation (14) are shown in Figure 11. This figure shows 
that there is great overlap between the PDF of projected 
area of the seeds by Equation (12) and Equation (14) and 
there is greater overlap between the PDF of projected 
 




Figure 10 Probability density functions of seeds volume byEquation (10) and Equation (11) 
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area of the seeds by Equation (13) and Equation (14). In 
all cases value of projected area by Equation (12) was 
more than the value of surface area by Equation (13). 
Also in all cases value of projected area by Equation (13) 
was more than the value of Equation (14).
3.3 Gravimetrical properties 
Average masses of the single seeds and thousand seed 
were 0.0014 and 1.3900 g. Also true density of the 
parsley seeds was found to be 884.658 kg/m
3
. Results of 
bulk density of the seeds are illustrated in Figure 12. 
Results showed that by increasing container volume 
(from 150 to 550) and (from 550 to 750 mL), the value of 
bulk density of the seeds increased and decreased. In all 
cases by increasing fall height of the seeds to the 
container from 50 to 250 mm, value of bulk density of the 
seeds increased.
 































Volume of the container/ ml 
50 mm 100 mm 150 mm 200 mm 250 mm
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Using the values of true and bulk densities in 
different fall height and container volume by Equation 
(26), the values of the parsley seeds porosity were 
calculated. Results of porosity of the seeds are illustrated 
in Figures 13. Results showed that by increasing 
container volume (from 150 to 550mL) and (from 550 to 
750 mL), the value of bulk density of the seeds decreased 
and increased. In all cases by increasing fall height of the 
seeds to the container from 50 to 250 mm, the value of 
the seeds porosity decreased.
The results of bulk density in different level of 
container volume and fall height of seeds to the container, 
indicated that bulk density value of parsley seeds ranged 
from 482.927 kg/m
3
 (when container volume, 150 mL 
and fall height, 50 mm) to 541.167kg/m
3
 (when container 
volume, 550 mL and fall height, 250 mm). The 
corresponding values for porosity were ranged from 
38.83% (when container volume, 550 mL and fall height, 
250 mm) to 45.41% (when volume container volume, 150 
mL and fall height, 50 mm. 
Results of quadratic regression analysis density and 
porosity of parsley seeds related to container volume, in 
different levels of fall height of seeds to the containers are 
shown in Table 6. Results showed that in most cases 
r-square value was more than 0.90; its means that the 
quadratic regression have good performance to model the 
relationship between container volume and both of the 
bulk density and porosity of seeds. 
  
 




















Volume of the container/ ml 
50 mm 100 mm 150 mm 200 mm 250 mm
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3.4 Frictional properties 
The static coefficient of friction of parsley seeds on 
four surfaces (galvanized iron, plywood and rubber plate) 
in 6.12% (d.b.) moisture content was measured. The 










respectively (Table 7). The maximum and minimum 
friction is offered by rubber and galvanized surface. The 
least static coefficient of friction may be owing to the 
smoother and more polished surface of the galvanized 
sheet than the other materials used. Wood also offered the 
maximum friction for tef seed (Zewdu and Solomon, 
2007), jatrofa fruit (Pradhan et al., 2009) and for 
almond(Mirzabe et al., 2013b), but the galvanized iron 
had higher coefficient of friction than plywood for 
Roselle seeds (Sánchez-Mendoza et al., 2008) and lentil 
seeds(Amin et al., 2004).
The repose angle is an indicator of the product’s flow 
ability. The results for the repose angle are shown in 
Table 7. The values of filling and empting repose angles 
of parsley seeds were32.64and 40.16°. Different behavior 
for emptying and filling repose angle have been reported 
for agricultural materials, the repose angle was obtained 
from emptying method was greater than filling method 
for wild pistachio (Fadavi et al., 2013), but the reverse 
results were shown for jatropha (Sirisomboon et al., 
2007). 
The repose angles of parsley seeds using pouring 


















galvanized iron, plywood and rubber surface, respectively 
(Table 7). The maximum and minimum values of repose 
angles using pouring and The Hele-Shaw methods are 
offered by plywood and galvanized surfaces.  
The least repose angle may be owing to the 
smoother and more polished surface of the galvanized 
sheet than the other materials used. 
Table 6 Constant coefficient of quadratic regression of bulk density and porosity of parsley seeds related 
to container volume 
Parameter  Height of fall  
                  
      R2(r-square) 
Bulk density  
(Kg/m3) 
50 mm -0.0002 0.1616 460.9600 0.8442 
100 mm -0.0002 0.1949 471.9100 0.9820 
150 mm -0.0002 0.1534 485.2100 0.9938 
200 mm -0.0001 0.1463 494.7300 0.9439 
250 mm -0.0001 0.1401 503.9500 0.9138 
Porosity  
(%) 
50 mm 0.00002 -0.0183 47.8940 0.8442 
100 mm 0.00002 -0.0220 46.6560 0.9820 
150 mm 0.00002 -0.0173 45.1520 0.9938 
200 mm 0.00002 -0.0165 44.0770 0.9439 
250 mm 0.00002 -0.0158 43.0340 0.9138 
Note: y is bulk density or porosity and x is volume of the container 
 
 
Table 7 Repose and friction angles using different of methods and surface materials. 
Material 
surface 












friction   
Galvanized  
32.64 40.16 
30.51 31.04 14.77 0.249 
Iron steel  31.05 32.68 19.31 0.344 
Plywood    32.53 35.26 24.17 0.445 
Rubber 33.61 37.42 27.35 0.509 
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A comparison between different methods were used 
to measure angle of repose of parsley seeds, results 
showed that the maximum and  minimum values of  
repose angles of seeds were obtained   by the empting 
and Hele-Shaw methods. 
4. Conclusions  
Three principle dimensions, geometric mean 
diameter, equivalent diameter, arithmetic mean diameter, 
sphericity, volume, surface area, projected area, flakiness 
ratio and elongation ratio of parsley seeds were measured 
using image processing technique. Also mass of single 
seed, thousand seed mass, bulk density, true density and 
porosity were measured and effect of volume of the 
container (150, 350, 550 and 750 mL) and height of fall 
on bulk density and porosity were studied. Static 
coefficient of external friction on galvanized iron, 
plywood and rubber surface was measured. Also pouring 
angle of repose Hele-Shaw angle of repose on galvanized 
iron, plywood and rubber surface were measured. 
Empting and filling angle of repose were measured. 
Finally, length, width, thickness and mass distributions of 
parsley seeds were modeled using Gamma, Generalized 
Extreme Value and Weibull distributions.  
Results showed that: 1) By increasing container 
volume (from 150 to 550 mL) and (from 550 to 750 mL), 
the bulk density of the seeds were increased and 
decreased., 2) In all cases with increasing fall height of 
the seeds to the container from 50 to 250 mm, the value 
of the porosity of the seeds decreased., 3) The results of 
bulk density in different level container volume and fall 
height of seeds to the container was ranged from 482.927 
kg/m
3
 (when container volume, 150 mL and fall height, 
50 mm) to 541.167 kg/m
3
 (when container volume, 550 
mL and fall height, 250 mm)., 4) The corresponding 
values for porosity were ranged from38.83% (when 
container volume, 550 mL and fall height 250 mm) to 
45.41% (when container volume, 150 mL and fall height, 
50 mm., 5) A comparison between different methods to 
measure repose angle of parsley seeds, the maximum and 
minimum values of repose angle were using empting and 
Hele-Shaw method and., and 6) Modeling results showed 
that in all cases, Generalized Extreme Value had the best 
performance.  
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